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Abstract
We present an improved calculation of the strong coupling constants gD∗Dρ and gB∗Bρ in light-
cone sum rules including the one-loop QCD corrections of leading power with ρ meson distribution
amplitudes. We further compute the subleading-power corrections from two-particle and three-
particle higher-twist contributions at leading order up to twist-4 accuracy. The next-to leading
order corrections to leading power contribution offset the subleading-power corrections to certain
extend numerically, and our numerical results are consistent with previous works from sum rules.
The comparisons between our results and the existing model-dependent estimations are also made.
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I. INTRODUCTION
This paper aims to give a more precise determination of D∗Dρ coupling and B∗Bρ cou-
pling in the framework of light-cone sum rules (LCSR), which describe the low-energy in-
teraction among heavy mesons and light mesons, are of great importance to understand
the QCD long-distance dynamics. The coupling is a fundamental parameter of the effec-
tive Lagrangian of heavy meson chiral perturbative theory (HMχPT) [1–4], which plays an
important role in the study of heavy meson physics. Phenomenologically, it describes the
strength of the final state interactions [5] which are important in the generation of the strong
phase within B decays [6, 7]. Moreover, the coupling relates the pole residue of D(B) to ρ
form factors at large momentum transfer by the dispersion relation, which is helpful for us
to gain a better understanding on the behavior of form factors.
Various theoretical approaches to determine the coupling have been suggested. Firstly,
with the D(B) to ρ form factors obtained at certain region of the momentum transfer from
LCSR [8–10] and the lattice QCD [11], the corresponding pole residue which relates the
coupling can be extracted with appropriate extrapolation for the form factors. The simplest
way to do such extrapolation is the vector meson dominance (VMD) hypothesis which
neglects the continuum spectral. Except for the VMD approximation, there are also some
other modified parameterizations for the form factors that have been proposed in [12–15].
Apart from above method, the coupling can also be estimated from HMχPT with VMD
approximation as done in [16–19].
Another strategy to obtain the strong coupling is calculation from first principles of
QCD. We study the strong coupling constants gD∗Dρ and gB∗Bρ in LCSR by using double
dispersion relation. The LCSR was proposed in [20–22] based on the light-cone operator-
product-expansion (OPE) relative to the conventional QCD sum rules (QCDSR) method.
There have been several works regarding the couplings gD∗Dρ and gB∗Bρ, starting from
[23] with inclusion of two-particle ρ DAs corrections up to twist-3 at leading order (LO).
Years later, [24–27] improved the formal calculation by considering the two-particle twist-4
corrections [28] at LO. Meanwhile, gD∗Dρ is also calculated with three-point QCDSR by
taking into account the dimension-5 quark-gluon condensate corrections under flavor SU(3)
symmetry [29]. Concerning previous works, estimations for the couplings exhibit widespread
value. In the LCSR works, their results [24–27] are smaller than other estimations, so we
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need to proceed a more accurate calculation to confirm whether this difference comes from
radiative and power corrections. Moreover, inclusion of NLO corrections also can decrease
the scale-dependence. In this work, we give a calculation including O(αs) corrections to
leading power contribution with the resummation of large logarithm to next-to leading
logarithmic accuracy (NLL). For the subleading-power corrections, our results also include
the three-particle twist-4 corrections at LO.
The paper is organized as follows: in section II we calculate the leading power contri-
butions up to NLO. Procedures for analytic continuation and continuum subtraction are
similar to [30, 31]. Subleading-power corrections including two-particle and three-particle
corrections up to twist-4 at LO are calculated in section III. Section IV provides our numer-
ical results and the phenomenological discussion. We will summarize this work in the last
section.
II. THE LEADING POWER CONTRIBUTIONS
A. Hard-collinear factorization at LO in QCD
The strong coupling constant gH∗Hρ is defined by
〈 ρ(p, η∗)H(q) |H∗(p+ q, ε) 〉 = −gH∗Hρ pqηε , (1)
with pqηε = µναβ p
µ qν η∗α εβ. Here we choose H∗ and H stand for D∗−(B∗0) meson and
D¯0(B+) meson respectively, and ρ is ρ−. εµ and ην are the polarization vectors of the H∗
and ρ mesons respectively. We use the conventions 0123 = −1 and Dµ = ∂µ − i gs T aAaµ.
The couplings of different charge states are related by isospin symmetry, for instance,
gD∗Dρ ≡ gD∗−D¯0ρ− = −
√
2 gD∗−D−ρ0 . (2)
We construct the following correlation function at the starting point
Πµ(p, q) =
∫
d4x e−i(p+q)·x〈 ρ−(p, η∗) |T{d¯(x) γµ⊥Q(x), Q¯(0) γ5 u(0)} | 0〉 , (3)
where γµ⊥ = γµ − /n/2 n¯µ − /¯n/2nµ, Q is the heavy quark field. We have introduced two
light-cone vectors nµ and n¯µ with n ·n = n¯ · n¯ = 0 , n · n¯ = 2. For the momentum, we choose
a coordinate to have q⊥ = 0. In the frame of LCSR, ρ meson is on the light-cone, and its
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momentum is chosen as
pµ =
n · p
2
n¯µ . (4)
On the hadronic level, taking advantage of the following definitions for decay constants
〈H∗(p+ q, ε∗) | d¯ γµQ | 0 〉 = fH∗mH∗ε∗µ , 〈 0 | Q¯ γ5 u |H(p) 〉 = −i fH m
2
H
mQ
, (5)
the correlation function (4) can be written as
Πhadµ (p, q) =
gH∗Hρ fH∗ fH
[m2H∗ − (p+ q)2 − i 0] [m2H − q2 − i 0]
m2H mH∗
mQ
µpqη
+
∫∫
Σ
ρh(s, s′) ds ds′
[s′ − (p+ q)2] (s− q2) + · · · , (6)
where the second term counts the contributions from higher resonances and continuum
states. The ellipses denote the terms that vanish after double Borel transformation.
After double Borel transformation we get the hadronic representation of the correlation
function
Πhadµ (p, q) =
fH fH∗m
2
H mH∗
mQ
gH∗Hρ e
−m
2
H+m
2
H∗
M2 µpqη +
∫∫
Σ
ds ds′ e−
s+s′
M2 ρh(s, s′) . (7)
For the boundary of the integral Σ, we take s+ s′ = 2 s0 with s0 as the threshold of excited
and continuum states. The Borel parameters associated with (p+q)2 and q2 are quite similar
in magnitude, so we set the same value M2.
On the quark level, the leading-twist tree diagram is displayed in Fig. 1. The correlation
γµ⊥
γ5
u p
u¯ p
FIG. 1. Diagrammatical representation of the leading-order (LO) contribution.
function reads
ΠLT,(0)µ (p, q) = −
i
2
n¯ · q
u q2 + u¯ (p+ q)2 − u u¯m2ρ −m2Q
q¯(u p) γµ⊥ /n γ5 q(u¯ p)
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= − i
2
n¯ · q
u q2 + u¯ (p+ q)2 −m2Q
q¯(u p) γµ⊥ /n γ5 q(u¯ p) +O
(Λ2QCD
m2Q
)
. (8)
Using the definition of the leading-twist ρ DA [28] in appendix A, we get the leading
twist tree level factorization formula
ΠLT,(0)µ (p, q) = −fTρ (µ) µpqη
∫ 1
0
du φ⊥(u, µ)
1
u q2 + u¯ (p+ q)2 −m2Q
. (9)
The result (9) can be written in the form of double dispersion relation
ΠLT,(0)µ (p, q) = −fTρ (µ) µpqη
∫∫
ds ds′
ρLT,(0)(s, s′)
[s− q2] [s′ − (p+ q)2] , (10)
where the double dispersion density ρLT,(0) is defined as
ρLT,(0)(s, s′) =
1
pi2
Ims′ Ims
∫ 1
0
du
φ⊥(u, µ)
u s+ u¯ s′ −m2Q
. (11)
The expression of wave function φ⊥(u, µ) in terms of Gegenbauer polynomials can be
written as
φ⊥(u, µ) = 6u u¯
∞∑
n=0
a⊥n (µ)C
3/2
n (2u− 1) =
∞∑
k=1
bk u
k , (12)
where bk is the function of Gegenbauer moments a(µ). The spectral density can be obtained
as follows [30]
ρLT,(0)(t, v) =
∞∑
k=1
bk
1
pi2
Ims′ Ims
∫ 1
0
du
uk
u s+ u¯ s′ −m2Q
=
∞∑
k=1
bk
(−1)k+1
k!
1
2k+1 t
(m2Q
t
− v¯)k δ(k)(v − 1
2
)
θ(v t−m2Q) . (13)
We defined two variables t = s+ s′, v = s
s+s′ in (13), which are similar to our work [32].
Equating (6) and (10) and applying double Borel transformation, then subtracting the
continuum states by using quark-hadronic duality, we obtain the leading-twist strong cou-
pling constant at LO
gLT,(0) =
mQ
fH fH∗m2H mH∗
fTρ (µ)
M2
2
φ⊥
(1
2
, µ
) [
e
m2H+m
2
H∗−2m
2
Q
M2 − e
m2H+m
2
H∗−2s0
M2
]
. (14)
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FIG. 2. NLO QCD corrections of leading-twist contributions.
B. Next to leading order corrections
The one-loop diagrams are shown in Fig. 2. We note that the loop calculations are similar
to [32]. Borrowing the results from it and taking the asymptotic form of wave function in eq
(12) as φ⊥(u) = 6u u¯ for the feasibility of calculation. Subsequently, adopting the similar
procedure for the deriving of double dispersion spectral densities, then applying double
Borel transformation and continuum subtraction to get the result. We omit the detailed
procedures here for simplicity and the explicit operations with final results can be seen from
our work [32].
Combing the NLO result from [32] with eq (14), we obtain the leading-twist sum rules
up to O(αs) and the coupling constant reads
gLT = − mQ
fH fH∗m2H mH∗
e
m2H+m
2
H∗
M2 fTρ (µ)
[
− M
2
2
φ⊥
(1
2
, µ
) (
e−
2m2Q
M2 − e− 2s0M2 )+ FLT,(1)] ,
(15)
where
FLT,(1) = αsCF
4 pi
{
m2Q
∫ 2sˆ0−2
0
dσ e−
σ+2
Mˆ2 g(σ) + ∆ g(Mˆ2,m2Q)
}
, (16)
and
g(σ) = 3 Li2(−σ) + 3 Li2(−σ − 1)− 6 Li2
(− σ
2
)− 3 ln σ
2
ln
σ + 2
2
+ 3 ln(σ + 1) ln(σ + 2)
− 6 (σ + 1)
2
(σ + 2)3
ln(σ + 1) +
3 (7σ3 + 50σ2 + 100σ + 64)
4 (σ + 2)3
ln
σ
2
+
3
2
ln
σ + 2
2
+
3 (11σ2 + 28σ + 24)
8 (σ + 2)2
− 3 ln µ
2
m2Q
− 9
4
ln
ν2
µ2
− pi
2
4
,
6
∆ g(Mˆ2,m2Q) = 3
(
4 + 3 ln
µ2
m2Q
)
m2Q e
− 2m
2
Q
M2 . (17)
For the scale dependence, we use
d
d lnµ
mQ(µ) = −6αsCF
4pi
mQ(µ) ,
d
d lnµ
fTρ (µ) = −2
αsCF
4pi
fTρ (µ) , (18)
and we get
d
d lnµ
gLT = 0 +O(α2s) , (19)
it’s obvious that our result is independent of the factorization scale µ at one-loop level.
III. THE SUBLEADING-POWER CORRECTIONS AT LO
In this section, we are going to perform the subleading power corrections to coupling
constants, which are involved with two-particle and three-particle corrections up to twist-4.
The higher twist (up to twist-4) Q-quark propagator in the background field is adopted [33]:
〈 0 |T{Q¯(x), Q(0)} | 0 〉
⊃ i gs
∫
d4k
(2pi)4
e−i k·x
∫ 1
0
du
[ uxµ
k2 −m2Q
Gµν(ux) γν −
/k +mQ
2 (k2 −m2Q)2
Gµν(ux)σµν
]
. (20)
For the two-particle corrections, inserting the first term of (20) into correlation function
(4), and using the DAs of ρ meson, we gain the higher twist two-particle corrections
Π2P,HTµ (p, q)
=− 1
4
µpqη
∫ 1
0
du
{−2mQ fρmρ g(a)⊥ (u) + fTρ (µ)m2ρAT (u)
[u q2 + u¯ (p+ q)2 −m2Q]2
+
−2m2Q fTρ (µ)m2ρAT (u)
[u q2 + u¯ (p+ q)2 −m2Q]3
}
.
(21)
The twist-3 g
(a)
⊥ corrections are suppressed by O(ΛQCD/mQ) and twist-4 AT corrections are
suppressed by O(Λ2QCD/m2Q) comparing with the leading-twist corrections (10). To keep
consistent, we should also consider the subleading-power corrections of leading-twist. With
respect to (8) the correlation function reads
ΠLT,NLPµ (p, q) = −
i
2
n¯ · q u u¯m
2
ρ
[u q2 + u¯ (p+ q)2 −m2Q]2
q¯(u p) γµ⊥ /n γ5 q(u¯ p)
7
= −fTρ µpqη
∫ 1
0
du φ⊥(u, µ)
u u¯m2ρ
[u q2 + u¯ (p+ q)2 −m2Q]2
. (22)
Similar to the leading-twist LO case, after applying double Borel transformations and sub-
tracting the continuum states by using quark-hadronic duality, we obtain the strong coupling
constant for two-particle subleading-power corrections at LO
g2P =− mQ
fH fH∗m2H mH∗
e
m2H+m
2
H∗−2m
2
Q
M2
mρ
2
[mρ
2
fTρ (µ)φ⊥
(1
2
, µ
)
−mQ fρ g(a)⊥
(1
2
, µ
)
+mρ f
T
ρ (µ)
(1
2
+
m2Q
M2
)
AT
(1
2
, µ
)]
. (23)
Considering three-particle corrections at tree level, the correlation function of three-
particle qq¯g corrections can be written as
Π3Pµ (p, q) = i gs
∫
d4x
∫
d4k
(2pi)4
e−i(k+p+q)·x
∫ 1
0
du 〈 ρ−(p, η∗) | d¯(x) γµ⊥
[ uxα
k2 −m2Q
γβ
− /k +mQ
2 (k2 −m2Q)2
σαβ
]
Gαβ(ux) γ5 q(0) | 0〉 . (24)
Employing the conformal expansion of the three-particle DAs in appendix B, we obtain
g3P = − mQ
fH fH∗m2H mH∗
e
m2H+m
2
H∗−2m
2
Q
M2 fTρ (µ)m
2
ρ
[(21
8
− 4 ln 2
)
t˜10(µ)− 15
8
s00(µ)
]
. (25)
Collecting (15) (23) and (25), the final LCSR reads
gH∗Hρ =− mQ
fH fH∗m2H mH∗
e
m2H+m
2
H∗−2m
2
Q
M2
{
fTρ (µ)
[
− M
2
2
(
1− e−
2s0−2m2Q
M2
)
+
m2ρ
4
]
φ⊥
(1
2
, µ
)
+ fTρ (µ)FLT,(1) e
2m2Q
M2 − mQ
2
mρ fρ g
(a)
⊥
(1
2
, µ
)
+m2ρ f
T
ρ (µ)
[1
2
(1
2
+
m2Q
M2
)
AT
(1
2
, µ
)
+
(21
8
− 4 ln 2
)
t˜10(µ)− 15
8
s00(µ)
]}
, (26)
where FLT,(1) is defined in (16).
IV. NUMERICAL ANALYSIS
A. Input parameters
The masses of quarks in MS scheme and the values of decay constants are listed in Table
I, and values of the parameters in ρ DAs are listed in Table II, which are extracted from the
method of QCDSR [9, 28].
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mc(mc) (GeV) mb(mb) (GeV) fρ (MeV) f
T
ρ (µ0) (MeV)
1.288± 0.02 4.193+0.022−0.035 213± 5 160± 7
fD (MeV) fD∗ (MeV) fB (MeV) fB∗ (MeV)
209.0± 2.4 225.3± 8.0 192.0± 4.3 182.4± 6.2
TABLE I. Values of heavy quark masses [34, 35] and decay constants [9, 36–38], with the scale
dependent quantity fTρ given at µ0 = 1.0 GeV.
a
‖
2(µ0) a
⊥
2 (µ0) ζ3(µ0) ω
A
3 (µ0) ω
V
3 (µ0) ω
T
3 (µ0)
0.17± 0.07 0.14± 0.06 0.032± 0.010 −2.1± 1.0 3.8± 1.8 7.0± 7.0
ζT4 (µ0) ζ˜
T
4 (µ0) 〈〈Q(1)〉〉(µ0) 〈〈Q(3)〉〉(µ0) 〈〈Q(5)〉〉(µ0)
0.10± 0.05 −0.10± 0.05 −0.15± 0.15 0 0
TABLE II. Values of the nonperturbative parameters in the DAs at the scale µ0 = 1.0 GeV.
The solution to the two-loop evolution of the Gegenbauer moment a⊥n (µ) is
fTρ (µ) a
⊥
n (µ) =
[
ENLOT,n (µ, µ0) +
αs(µ)
4pi
n−2∑
k=0
ELOT,n(µ, µ0) d
k
T,n(µ, µ0)
]
fTρ (µ0) a
⊥
n (µ0) , (27)
where the explicit expressions of ET,n and dT,n can be found in [39]. The scale evolution of
other nonperturbative parameters to leading logarithmic accuracy is listed in appendix B.
The factorization scales are taken as µc ∈ [1, 2] GeV around the default choice mc and
µb = mb
+mb
−mb/2 for radiative D
∗ and B∗ decays, respectively. As for the Borel mass M2 and
the threshold parameter s0, we take the following intervals [40, 41]
s0 = 6.0± 0.5 GeV
2 ,
M2 = 4.5± 1.0 GeV2 ,
forD∗Dρ ;
s0 = 34.0± 1.0 GeV
2 ,
M2 = 18.0± 3.0 GeV2 ,
forB∗B ρ , (28)
which satisfy the standard criterions [42].
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B. Theory predictions
The coupling constants for D∗Dρ and B∗Bρ are listed in Table III. It’s apparent that the
perturbative QCD corrections decrease the tree level leading power contributions of coupling
constants by 10% and 20% for D∗Dρ and B∗Bρ respectively. Meanwhile, contributions from
tree level sub-leading power corrections have obvious compensation effects, which increase
the leading twist contributions by approximately 20% and 30% for D∗Dρ and B∗Bρ re-
spectively. We also note that three-particle sub-leading power corrections have more minor
effects compared with two-particle sub-leading power corrections, particular for coupling of
B∗Bρ, which is consistent with the validity of OPE.
gLT,LL gLT,NLL g2P,LL g3P,LL Total
D∗Dρ 3.61+0.54−0.47 3.18
+0.53
−0.43 0.47
+0.17
−0.16 0.14
+0.09
−0.08 3.80
+0.59
−0.45
B∗B ρ 3.59+0.55−0.43 2.91
+0.38
−0.42 0.96
+0.23
−0.15 0.022
+0.013
−0.012 3.89
+0.52
−0.48
TABLE III. The results of gH∗Hρ ( GeV
−1 ). Here gLT,LL corresponds to the tree-level leading
power contributions with resummation at LL accuracy; gLT,NLL corresponds to the leading power
contributions up to NLO with resummation at NLL accuracy; g2P,LL and g3P,LL are from 2-particle
and 3-particle sub-leading power corrections at LO separately.
The uncertainties are also included for separate terms of coupling constants in Table III.
We mention that the uncertainties are estimated by varying independent input parameters,
and the individual uncertainties are presented in Table IV. To get the total uncertainties,
we add them in quadrature to obtain the final results. From Table IV we can see that
the primary uncertainties are from Borel mass M2 and parameter a⊥2 both for D
∗Dρ and
B∗Bρ. The second Gegenbauer moment a⊥2 refers to transversely polarized ρ meso twist-4
LCDA, which is indicated in appendix A, B. We mention that quasi distribution amplitudes
(quasi-DAs), which are based on the large-momentum effective theory (LaMET) [43, 44],
together with the simulation from lattice QCD [45] can also extract meson LCDA [46, 47]
other than QCDSR. In the future, a more precise determination of the ρ meson LCDA are
helpful to decrease the uncertainties of the couplings.
Now it’s time to compare our results of coupling constants with others, we collect the
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central value ∆ fH∗ ∆mQ ∆M
2 ∆µ ∆ fTρ ∆ a
⊥
2
gD∗Dρ 3.80
+0.50
−0.45
+0.14
−0.13
+0.00
−0.01
+0.38
−0.20
+0.20
−0.01 ±0.11 ±0.32
gB∗Bρ 3.89
+0.52
−0.48
+0.14
−0.13
+0.12
−0.08
+0.36
−0.23
+0.14
−0.26 ±0.12 ±0.24
TABLE IV. The central value and individual uncertainty of gH∗Hρ ( GeV
−1) due to the variations
of input parameters. We only show the numerically significant uncertainties here.
results from several works which use sum rules as in Table V. Among them, the LCSR works
[24, 26] didn’t take the perturbative QCD corrections and 3-particle corrections into account,
the QCDSR work considers the dimension-5 quark-gluon condensate corrections [29]. As
mentioned before, the NLO effects of leading power almost cancel with the subleading-
power corrections numerically, so it’s natural that our results are close to previous sum rules
works within errors.
This work LCSR [24] LCSR [26] QCDSR [29]
gD∗Dρ 3.80
+0.50
−0.45 4.17± 1.04 3.56± 0.60 4.07± 0.71
gB∗Bρ 3.89
+0.52
−0.48 5.70± 1.43 – –
TABLE V. Numerical values of coupling constants gH∗Hρ (GeV
−1) from several works via sum
rules.
Next we are going to extract the B∗Bρ coupling from from factors. The B → ρ form
factors V (q2) and T1(q
2) which relate gB∗Bρ are defined as
〈 ρ−(p, η∗) | d¯ γµ b |B−(p+ q) 〉 = 2
mB +mρ
V (q2) µηpq ,
〈 ρ−(p, η∗) | d¯ i σµν qν b |B−(p+ q) 〉 = −2T1(q2) µηpq . (29)
From the dispersion relation of form factor Fi(q
2)
Fi(q
2) =
ri1
1− q2/m2B∗
+
∫ ∞
(mB+mρ)2
ρ(s)
s− q2 − i , (30)
the strong coupling relates to the pole of the form factors at the unphysical point q2 = m2B∗ .
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Then we have the relation
rV1 = lim
q2→m2
B∗
(
1− q2/m2B∗
)
V (q2) =
mB +mρ
2m∗B
fB∗ gB∗Bρ ,
rT11 = lim
q2→m2
B∗
(
1− q2/m2B∗
)
T1(q
2) =
1
2
fTB∗ gB∗Bρ , (31)
where fTB∗ is the tensor coupling of the B
∗ meson and defined as
〈 0 | b¯ σµν q |B∗(q, ) 〉 = i fTB∗ (µ qν − ν qµ) . (32)
Using (31) and choose the size fTB∗ = fB∗ , we extract several numerical values of the coupling
gB∗Bρ from recent LCSR works [9, 10], which are listed in table VI.
This work V (q2) [9] T1(q
2) [9] V (q2) [10] T1(q
2) [10]
3.89+0.52−0.48 8.50± 1.73 8.02± 1.59 6.04+1.30−2.34 7.25+1.72−2.78
TABLE VI. The coupling gB∗Bρ (GeV
−1) from the residue of B → ρ form factor V and T1 in
LCSR fit and compared to our result.
As it shows, our central value is smaller than the extrapolations from LCSR form factors.
To explain this discrepancy, on one hand, uncertainties from the parameterizations of the
form factors to obtain the un-physical singularity may be underestimated. On the other
hand, for the double dispersion relation, the Borel suppression is not sufficient enough for us
to neglect the isolated excitation contributions following the discussion in [48]. Apart from
B → ρ, the B∗ → B and B∗ → ρ form factors can also be used to extract the coupling.
To the best of our knowledge, we have not found relevant works that address corresponding
form factors in LCSR. It’s a future work to check that for the coupling extractions, whether
different choices of form factors are consistent.
At last, we analyze our work with other model-dependent works. The HMχPT effective
Lagrangian to parametrize the H∗HV coupling can be written as [1]
LV = i λTr[Hb σµν Fµν(ρ)ba H¯a] , (33)
with
Fµν(ρ) = ∂µ ρν − ∂ν ρµ + [ρµ, ρν ] , ρµ = i gV√
2
ρˆµ , (34)
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where ρˆ is 3× 3 matrix for light meson nonet, and the heavy H,H∗ mesons are represented
by the doublet field Ha with the conventional normalization. The parameter gV = mρ/fpi.
In the chiral and heavy quark limits, we have the following relation for the coupling λ
λ =
√
2
4
1
gV
gH∗Hρ . (35)
We find the coupling λ = 0.23± 0.03 GeV−1 at leading power from our value of gB∗Bρ.
This work VMD [19] CQM [49] CQM [50] QM+VMD [51]
0.23 0.56 0.60 0.47 0.33
TABLE VII. The central value of coupling λ (GeV−1) from model estimations compared to our
result.
In table VII we compare this value with other model estimations. Similar to the estima-
tions from form factors, our result is smaller than model predictions.
One possibility for this discrepancy may be that the model predictions have potential
larger errors. So the LCSR is more believable in principle. However, besides the possible
influences of excitation contributions mentioned above, the values of NLO corrections to
higher twists and the sub-sub-leading power contributions are unknown, which may also
be sources of the discrepancy. Improvements for the calculations from both sum rules and
models may help to understand such discrepancies in the future.
V. CONCLUSION
We compute the D∗Dρ and B∗Bρ strong couplings to subleading-power in LCSR. The
long-distance dynamics are incorporated in the ρ DAs. We calculated the O(αs) corrections
to leading power of the sum rules. The subleading-power corrections are calculated at LO by
accounting the two-particle and three-particle wave functions up to twist-4. The analytical
results of double spectral densities are obtained, and with respect to the previous work, we
also performed a continuum subtraction for the higher-twist corrections. The LO results
are independent of the choice of duality region since the special form of the double spectral
density.
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Numerically, the NLO corrections decrease the tree-level results by 10% and 20% for
D∗Dρ and B∗Bρ respectively. However, the subleading-power corrections at LO can give
rise to the values about 20% and 30% for D∗Dρ and B∗Bρ respectively. Summing up all
the contributions, our values are consistent with the predictions from previous sum rules
works. Moreover, we also predict the coupling λ in HMχPT at leading power. The central
value of our result is smaller than the existing model-dependent estimations. Possible expla-
nations for the discrepancy refer to the potential large errors within models, and influences
of excitation contributions in LCSR. Moreover, radiative corrections to higher twists and
sub-sub-leading power contributions may also be sources for that. In the future, a bet-
ter understanding for this discrepancy is beneficial to shed light on the long-distance QCD
dynamics.
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Appendix A: The ρ meson DAs
Here we collect the ρ meson DAs up to twist-4 which are defined in [28]
〈 ρ−(p, η∗) | d¯(x) γµ u(0) | 0 〉
= fρmρ
{η∗ · x
p · x pµ
∫ 1
0
du ei u p·x
[
φ‖(u) +
m2ρ x
2
16
A(u)
]
+ η∗⊥µ
∫ 1
0
du ei u p·x g(v)⊥ (u)−
1
2
xµ
η∗ · x
(p · x)2 m
2
ρ
∫ 1
0
du ei u p·x g3(u)
}
, (A1)
〈 ρ−(p, η∗) | d¯(x) γµ γ5 u(0) | 0 〉 = 1
4
fρmρ µηpx
∫ 1
0
du ei u p·x g(a)⊥ (u) , (A2)
〈 ρ−(p, η∗) | d¯(x)σµν u(0) | 0 〉
=− i fTρ
{
(η∗⊥µ pν − η∗⊥ν pµ)
∫ 1
0
du ei u p·x
[
φ⊥(u) +
m2ρ x
2
16
AT (u)
]
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+ (pµ xν − pν xµ) η
∗ · x
(p · x)2 m
2
ρ
∫ 1
0
du ei u p·x h(t)‖ (u)
+
1
2
η∗⊥µ xν − η∗⊥ν xµ
p · x m
2
ρ
∫ 1
0
du ei u p·x h3(u)
}
, (A3)
〈 ρ−(p, η∗) | d¯(x)u(0) | 0 〉 = − i
2
fTρ (η
∗ · x)m2ρ
∫ 1
0
du ei u p·x h(s)‖ (u) , (A4)
〈 ρ−(p, η∗) | d¯(x) gs G˜µν(vx) γα γ5 u(0) | 0 〉
=− fρmρ pα
[
pν η
∗
⊥µ − pµ η∗⊥ν
] ∫
[Dα] ei (αq+v αg) p·xA(α)
− fρm3ρ
η∗ · x
p · x
[
pµ g
⊥
αν − pν g⊥αµ
] ∫
[Dα] ei (αq+v αg) p·x Φ˜(α)
− fρm3ρ
η∗ · x
(p · x)2 pα
[
pµ xν − pν xµ
] ∫
[Dα] ei (αq+v αg) p·x Ψ˜(α) , (A5)
〈 ρ−(p, η∗) | d¯(x) gsGµν(vx) i γα u(0) | 0 〉
=− fρmρ pα
[
pν η
∗
⊥µ − pµ η∗⊥ν
] ∫
[Dα] ei (αq+v αg) p·x V(α)
− fρm3ρ
η∗ · x
p · x
[
pµ g
⊥
αν − pν g⊥αµ
] ∫
[Dα] ei (αq+v αg) p·x Φ(α)
− fρm3ρ
η∗ · x
(p · x)2 pα
[
pµ xν − pν xµ
] ∫
[Dα] ei (αq+v αg) p·x Ψ(α) , (A6)
〈 ρ−(p, η∗) | d¯(x) gsGµν(vx)σαβ u(0) | 0 〉
= fTρ m
2
ρ
η∗ · x
2 p · x
[
pα pµ g
⊥
βν − pβ pµ g⊥αν − (µ↔ ν)
] ∫
[Dα] ei (αq+v αg) p·x T (α)
+ fTρ m
2
ρ
[
pα η
∗
⊥µ g
⊥
βν − pβ η∗⊥µ g⊥αν − (µ↔ ν)
] ∫
[Dα] ei (αq+v αg) p·x T (4)1 (α)
+ fTρ m
2
ρ
[
pµ η
∗
⊥α g
⊥
βν − pµ η∗⊥β g⊥αν − (µ↔ ν)
] ∫
[Dα] ei (αq+v αg) p·x T (4)2 (α)
+ fTρ m
2
ρ
(pµ xν − pν xµ) (pα η∗⊥β − pβ η∗⊥α)
p · x
∫
[Dα] ei (αq+v αg) p·x T (4)3 (α)
+ fTρ m
2
ρ
(pα xβ − pβ xα) (pµ η∗⊥ν − pν η∗⊥µ)
p · x
∫
[Dα] ei (αq+v αg) p·x T (4)4 (α) , (A7)
〈 ρ−(p, η∗) | d¯(x) gsGµν(vx)u(0) | 0 〉
=− i fTρ m2ρ
[
η∗⊥µ pν − η∗⊥ν pµ
] ∫
[Dα] ei (αq+v αg) p·x S(α) , (A8)
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〈 ρ−(p, η∗) | d¯(x) i gs G˜µν(vx) γ5 u(0) | 0 〉
= i fTρ m
2
ρ
[
η∗⊥µ pν − η∗⊥ν pµ
] ∫
[Dα] ei (αq+v αg) p·x S˜(α) , (A9)
where
G˜αβ =
1
2
αβρτ G
ρτ . (A10)
Appendix B: The conformal expansion of ρ DAs
Here we list the conformal expansion for these higher twist DAs involved in our calculation
[28].
The chiral-even twist-three DA g
(a)
⊥ reads
g
(a)
⊥ (u) = 6u u¯
{
1 +
[1
4
a
‖
2 +
5
3
ζ3
(
1− 3
16
ωA3 +
9
16
ωV3
)]
(5 ξ2 − 1)
}
, (B1)
with ξ = 2u− 1. For the chiral-odd twist-four DA AT we have
AT (u) = 30u2 u¯2
[2
5
(
1 +
2
7
a⊥2 +
10
3
ζT4 −
20
3
ζ˜T4
)
+
( 3
35
a⊥2 +
1
40
ζ3 ω
T
3
)
C
5/2
2 (ξ)
]
−
[18
11
a⊥2 −
3
2
ζ3 ω
T
3 +
126
55
〈〈Q(1)〉〉+ 70
11
〈〈Q(3)〉〉
] [
u u¯ (2 + 13u u¯)
+ 2u3 (10− 15u+ 6u2) lnu+ 2 u¯3 (10− 15 u¯+ 6 u¯2) ln u¯] . (B2)
As for the twist-4 three-particle DAs
S(αi) = 30α
2
g
{
s00 (1− αg) + s10
[
αg (1− αg)− 3
2
(α2q¯ + α
2
q)
]
+ s01
[
αg (1− αg)− 6αq¯ αq
]}
,
S˜(αi) = 30α
2
g
{
s˜00 (1− αg) + s˜10
[
αg (1− αg)− 3
2
(α2q¯ + α
2
q)
]
+ s˜01
[
αg (1− αg)− 6αq¯ αq
]}
,
T
(4)
1 (αi) = 120 t10 (αq¯ − αq)αq¯ αq αg ,
T
(4)
2 (αi) =− 30α2g (αq¯ − αq)
[
s˜00 +
1
2
s˜10 (5αg − 3) + s˜01 αg
]
,
T
(4)
3 (αi) =− 120 t˜10 (αq¯ − αq)αq¯ αq αg ,
16
T
(4)
4 (αi) = 30α
2
g (αq¯ − αq)
[
s00 +
1
2
s10 (5αg − 3) + s01 αg
]
. (B3)
The eight parameters in three-particle DAs can be written as
s00 = ζ
T
4 s˜00 = ζ˜
T
4 ,
s10 = − 3
22
a⊥2 −
1
8
ζ3 ω
T
3 +
28
55
〈〈Q(1)〉〉+ 7
11
〈〈Q(3)〉〉+ 14
3
〈〈Q(5)〉〉 ,
s˜10 =
3
22
a⊥2 −
1
8
ζ3 ω
T
3 −
28
55
〈〈Q(1)〉〉 − 7
11
〈〈Q(3)〉〉+ 14
3
〈〈Q(5)〉〉 ,
s01 =
3
44
a⊥2 +
1
8
ζ3 ω
T
3 +
49
110
〈〈Q(1)〉〉 − 7
22
〈〈Q(3)〉〉+ 7
3
〈〈Q(5)〉〉 ,
s˜01 = − 3
44
a⊥2 +
1
8
ζ3 ω
T
3 −
49
110
〈〈Q(1)〉〉+ 7
22
〈〈Q(3)〉〉+ 7
3
〈〈Q(5)〉〉 ,
t10 = − 9
44
a⊥2 −
3
16
ζ3 ω
T
3 −
63
220
〈〈Q(1)〉〉+ 119
44
〈〈Q(3)〉〉 ,
t˜10 =
9
44
a⊥2 −
3
16
ζ3 ω
T
3 +
63
220
〈〈Q(1)〉〉+ 35
44
〈〈Q(3)〉〉 . (B4)
The scale evolution of the nonperturbative parameters to leading logarithmic accuracy is as
follows
a
‖
2(µ) = L
25
6
CF /β0 a
‖
2(µ0) , ζ3(µ) = L
(− 13CF+3CA)/β0 ζ3(µ0) ,
ωT3 (µ) = L
( 256 CF−2CA)/β0 ωT3 (µ0) , (ζ
T
4 + ζ˜
T
4 )(µ) = L
(3CA− 83CF )/β0 (ζT4 + ζ˜
T
4 )(µ0) ,
(ζT4 − ζ˜T4 )(µ) = L(4CA−4CF )/β0 (ζT4 − ζ˜T4 )(µ0) , 〈〈Q(1)〉〉(µ) = L(−4CF+
11
2
CA)/β0 〈〈Q(1)〉〉(µ0) ,
〈〈Q(3)〉〉(µ) = L 103 CF /β0 〈〈Q(3)〉〉(µ0) , 〈〈Q(5)〉〉(µ) = L(− 53CF+5CA)/β0 〈〈Q(5)〉〉(µ0) ,
(B5)
where L = αs(µ)/αs(µ0) and β0 = 11−2nf/3, nf being the number of flavors involved. The
scale-dependence of ω
V (A)
γ (µ)ωV3 (µ)− ωA3 (µ)
ωV3 (µ) + ω
A
3 (µ)
 = LΓω/β0
ωV3 (µ0)− ωA3 (µ0)
ωV3 (µ0) + ω
A
3 (µ0)
 , (B6)
where Γω is given by
Γω =
3CF − 23 CA 23 CF − 23 CA
5
3
CF − 43 CA 12 CF + CA
 . (B7)
17
[1] R. Casalbuoni, A. Deandrea, N. Di Bartolomeo, R. Gatto, F. Feruglio and G. Nardulli, Phys.
Rept. 281, 145 (1997) [hep-ph/9605342].
[2] T. M. Yan, H. Y. Cheng, C. Y. Cheung, G. L. Lin, Y. C. Lin and H. L. Yu, Phys. Rev. D 46,
1148 (1992) Erratum: [Phys. Rev. D 55, 5851 (1997)].
[3] M. B. Wise, Phys. Rev. D 45, no. 7, R2188 (1992).
[4] G. Burdman and J. F. Donoghue, Phys. Lett. B 280, 287 (1992).
[5] H. Y. Cheng, C. K. Chua and A. Soni, Phys. Rev. D 71, 014030 (2005) [hep-ph/0409317].
[6] H. Y. Cheng, C. K. Chua and Z. Q. Zhang, Phys. Rev. D 94, no. 9, 094015 (2016)
[arXiv:1607.08313 [hep-ph]].
[7] J. Virto, PoS FPCP 2016, 007 (2017) [arXiv:1609.07430 [hep-ph]].
[8] P. Ball and R. Zwicky, Phys. Rev. D 71, 014029 (2005) [hep-ph/0412079].
[9] A. Bharucha, D. M. Straub and R. Zwicky, JHEP 1608, 098 (2016) [arXiv:1503.05534 [hep-
ph]].
[10] J. Gao, C. D. Lu¨, Y. L. Shen, Y. M. Wang and Y. B. Wei, arXiv:1907.11092 [hep-ph].
[11] K. C. Bowler et al. [UKQCD Collaboration], JHEP 0405, 035 (2004) [hep-lat/0402023].
[12] P. Ball and R. Zwicky, Phys. Rev. D 71, 014015 (2005) [hep-ph/0406232].
[13] C. G. Boyd, B. Grinstein and R. F. Lebed, Phys. Rev. Lett. 74, 4603 (1995) [hep-ph/9412324].
[14] C. Bourrely, I. Caprini and L. Lellouch, Phys. Rev. D 79, 013008 (2009) Erratum: [Phys.
Rev. D 82, 099902 (2010)] [arXiv:0807.2722 [hep-ph]].
[15] D. Becirevic and A. B. Kaidalov, Phys. Lett. B 478, 417 (2000) [hep-ph/9904490].
[16] R. Casalbuoni, A. Deandrea, N. Di Bartolomeo, R. Gatto, F. Feruglio and G. Nardulli, Phys.
Lett. B 292, 371 (1992) [hep-ph/9209248].
[17] R. Casalbuoni, A. Deandrea, N. Di Bartolomeo, R. Gatto, F. Feruglio and G. Nardulli, Phys.
Lett. B 299, 139 (1993) [hep-ph/9211248].
[18] R. Casalbuoni, A. Deandrea, N. Di Bartolomeo, R. Gatto and G. Nardulli, Phys. Lett. B 312,
315 (1993) [hep-ph/9304302].
[19] C. Isola, M. Ladisa, G. Nardulli and P. Santorelli, Phys. Rev. D 68, 114001 (2003) [hep-
ph/0307367].
[20] I. I. Balitsky, V. M. Braun and A. V. Kolesnichenko, Nucl. Phys. B 312, 509 (1989).
18
[21] V. M. Braun and I. E. Filyanov, Z. Phys. C 44, 157 (1989) [Sov. J. Nucl. Phys. 50, 511 (1989)]
[Yad. Fiz. 50, 818 (1989)].
[22] V. L. Chernyak and I. R. Zhitnitsky, Nucl. Phys. B 345, 137 (1990).
[23] T. M. Aliev, D. A. Demir, E. Iltan and N. K. Pak, Phys. Rev. D 53, 355 (1996).
[24] Z. H. Li, T. Huang, J. Z. Sun and Z. H. Dai, Phys. Rev. D 65, 076005 (2002) [hep-ph/0208168].
[25] Z. H. Li, W. Liu and H. Y. Liu, Phys. Lett. B 659, 598 (2008) [arXiv:0712.0429 [hep-ph]].
[26] Z. G. Wang, Eur. Phys. J. C 52, 553 (2007) [arXiv:0705.3720 [hep-ph]].
[27] Z. G. Wang, Nucl. Phys. A 796, 61 (2007) [arXiv:0706.0296 [hep-ph]].
[28] P. Ball and V. M. Braun, Nucl. Phys. B 543, 201 (1999) [hep-ph/9810475].
[29] R. Khosravi and M. Janbazi, Phys. Rev. D 89, no. 1, 016001 (2014).
[30] V. M. Belyaev, V. M. Braun, A. Khodjamirian and R. Ruckl, Phys. Rev. D 51, 6177 (1995)
[hep-ph/9410280].
[31] A. Khodjamirian, R. Ruckl, S. Weinzierl and O. I. Yakovlev, Phys. Lett. B 457, 245 (1999)
[hep-ph/9903421].
[32] H. D. Li, C. D. Lu¨, C. Wang, Y. M. Wang and Y. B. Wei, arXiv:2002.03825 [hep-ph].
[33] I. I. Balitsky and V. M. Braun, Nucl. Phys. B 311, 541 (1989).
[34] B. Dehnadi, A. H. Hoang and V. Mateu, JHEP 1508, 155 (2015) [arXiv:1504.07638 [hep-ph]].
[35] M. Beneke, A. Maier, J. Piclum and T. Rauh, Nucl. Phys. B 891, 42 (2015) [arXiv:1411.3132
[hep-ph]].
[36] S. Aoki et al. [Flavour Lattice Averaging Group], arXiv:1902.08191 [hep-lat].
[37] V. Lubicz et al. [ETM Collaboration], Phys. Rev. D 96, no. 3, 034524 (2017) [arXiv:1707.04529
[hep-lat]].
[38] B. Colquhoun et al. [HPQCD Collaboration], Phys. Rev. D 91, no. 11, 114509 (2015)
[arXiv:1503.05762 [hep-lat]].
[39] Y. M. Wang and Y. L. Shen, JHEP 1712 (2017) 037 [arXiv:1706.05680 [hep-ph]].
[40] A. Khodjamirian, C. Klein, T. Mannel and N. Offen, Phys. Rev. D 80, 114005 (2009)
[arXiv:0907.2842 [hep-ph]].
[41] Y. M. Wang and Y. L. Shen, JHEP 1805, 184 (2018) [arXiv:1803.06667 [hep-ph]].
[42] Y. M. Wang and Y. L. Shen, Nucl. Phys. B 898, 563 (2015) [arXiv:1506.00667 [hep-ph]].
[43] X. Ji, Sci. China Phys. Mech. Astron. 57, 1407 (2014) [arXiv:1404.6680 [hep-ph]].
[44] X. Ji, Phys. Rev. Lett. 110, 262002 (2013) [arXiv:1305.1539 [hep-ph]].
19
[45] V. M. Braun et al., JHEP 1704, 082 (2017) [arXiv:1612.02955 [hep-lat]].
[46] Y. S. Liu, W. Wang, J. Xu, Q. A. Zhang, S. Zhao and Y. Zhao, Phys. Rev. D 99, no. 9,
094036 (2019) [arXiv:1810.10879 [hep-ph]].
[47] J. Xu, Q. A. Zhang and S. Zhao, Phys. Rev. D 97, no. 11, 114026 (2018) [arXiv:1804.01042
[hep-ph]].
[48] D. Becirevic, J. Charles, A. LeYaouanc, L. Oliver, O. Pene and J. C. Raynal, JHEP 0301,
009 (2003) [hep-ph/0212177].
[49] A. Deandrea, R. Gatto, G. Nardulli and A. D. Polosa, Phys. Rev. D 59, 074012 (1999) [hep-
ph/9811259].
[50] D. Melikhov and B. Stech, Phys. Rev. D 62, 014006 (2000) [hep-ph/0001113].
[51] Y. s. Oh, T. Song and S. H. Lee, Phys. Rev. C 63, 034901 (2001) [nucl-th/0010064].
[52] A. Abada, D. Becirevic, P. Boucaud, G. Herdoiza, J. P. Leroy, A. Le Yaouanc, O. Pene and
J. Rodriguez-Quintero, Phys. Rev. D 66, 074504 (2002) [hep-ph/0206237].
20
